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Pancreatic cancer outcomes vary considerably among hospitals. Assessing pancreatic cancer care by
using quality indicators could help reduce this variability. However, valid quality indicators are not cur-
rently available for pancreatic cancer management, and a composite assessment of the quality of pan-

Potential quality indicators were identified from the literature, consensus guidelines, and interviews with
experts. A panel of 20 pancreatic cancer experts ranked potential quality indicators for validity based on
the RAND/UCLA Appropriateness Methodology. The rankings were rated as valid (high or moderate valid-
ity) or not valid. Adherence with valid indicators at both the patient and the hospital levels and a compos-
ite measure of adherence at the hospital level were assessed using data from the National Cancer Data
Base (2004-2005) for 49065 patients treated at 1134 hospitals. Summary statistics were calculated for each

Of the 50 potential quality indicators identified, 43 were rated as valid (29 as high and 14 as moderate
validity). Of the 43 valid indicators, 11 (25.6%) assessed structural factors, 19 (44.2%) assessed clinical
processes of care, four (9.3%) assessed treatment appropriateness, four (9.3%) assessed efficiency, and
five (11.6%) assessed outcomes. Patient-level adherence with individual indicators ranged from 49.6% to
97.2%, whereas hospital-level adherence with individual indicators ranged from 6.8% to 99.9%. Of the
10 component indicators (contributing 1 point each) that were used to develop the composite score,
most hospitals were adherent with fewer than half of the indicators (median score=4; interquartile

Background
creatic cancer care in the United States has not been done.
Methods
individual candidate quality indicator to assess the median ranking and distribution.
Results
range = 3-5).
Conclusions

Based on the quality indicators developed in this study, there is considerable variability in the quality of
pancreatic cancer care in the United States. Hospitals can use these indicators to evaluate the pancreatic
cancer care they provide and to identify potential quality improvement opportunities.
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There is considerable variability in outcomes among hospitals in
the United States for many procedures and medical conditions,
particularly for complex surgeries such as pancreatectomy for
malignancy (1,2). Short-term and long-term outcomes of patients
at some hospitals are considerably worse than at other hospitals
(3-9); however, it has been difficult to identify the factors respon-
sible for this variability (10,11). Hospitals with poor outcomes are
left with little guidance on where to focus quality improvement
efforts. Thus, efforts have focused on identifying quality indicators
or measures that can be used to standardize care and ensure that
patients are managed in accordance with established recommenda-
tions (7,10).

A number of organizations have developed quality measures for
surgical and oncology care, including the Agency for Healthcare
Research and Quality (AHRQ), the Centers for Medicare and
Medicaid Services (eg, the Surgical Care Improvement Project and
the Physician Quality Reporting Initiative) (12,13), the Joint
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Commission (14), and the American Hospital Association (15). Of
the hundreds of measures put forth thus far, to our knowledge, the
only ones involving pancreatic cancer examine pancreatectomy
case volume and postoperative mortality (16,17). Recently, the
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American College of Surgeons, the National Comprehensive
Cancer Network, and the American Society of Clinical Oncology
collaboratively developed five quality measures for cancer care.
These measures were subsequently endorsed by the National
Quality Forum as part of the Quality of Cancer Care Performance
Measures project (18); however, none of these quality indicators
specifically addressed pancreatic cancer care.

Individual quality measures assess only a single aspect of care.
However, health care is multidimensional and complex, leading
the Institute of Medicine to note that composite quality measures
consisting of multiple individual component measures can provide
a better sense of the reliability of the health-care system (19).
Importantly, the National Quality Forum has recently introduced
an initiative to establish a framework for composite quality mea-
sures to ensure that they are scientifically acceptable (ie, reliable
and valid), usable (ie, meaningful and understandable), and feasible
(ie, based on data that are readily available and retrievable without
undue collection burden) (20).

Thus, there is a need for both individual and composite quality
indicators that are developed by using a formal methodology and
that encompass the various domains of pancreatic cancer care,
including those related to pancreatic surgery, for which outcomes
are highly variable and potentially modifiable. Moreover, there is a
need for hospitals to assess adherence with individual aspects of
care by using specific indicators as well as to examine the overall
quality of pancreatic cancer care by using a composite measure to
identify potential quality improvement opportunities within their
institutions. The objectives of this study were 1) to develop indica-
tors of high-quality care for pancreatic cancer patients; 2) to assess

Compilation of potential quality indicators
from literature, guidelines, and experts

l

Round 1: Expert panel members independently
rank indicators for validity

l

Round 1 data analyzed to guide expert panel discussion

l

Literature provided to expert panel
regarding indicators with Round-1 disagreement

l

Expert panel discussion of each potential indicator
and discussion of additional indicators

l

Round 2: Expert panel members independently
re-rank indicators for validity

l

Round 2 data analyzed to assess measure validity

Figure 1. Overview of the modified RAND/UCLA Appropriateness
Methodology used to develop pancreatic cancer care quality
indicators.
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CONTEXT AND CAVEATS

Prior knowledge

Pancreatic cancer outcomes vary considerably among hospitals,
but the factors responsible for this variability have been difficult to
identify because valid indicators of high-quality care for pancreatic
cancer patients are not available.

Study design

A panel of pancreatic cancer experts identified valid quality indica-
tors for pancreatic cancer care, assessed hospital-level compliance
with these indicators, and developed a composite measure of
adherence at the hospital level using data from the National Cancer
Data Base (2004-2005) in the United States.

Contribution

Of 50 potential quality indicators identified, 43 were rated as valid
and assessed structural factors, clinical processes of care, treat-
ment appropriateness, efficiency, and outcomes. Most hospitals
were adherent with fewer than half of the 10 component indicators
that were used to develop the composite measure of adherence.

Implications

These quality indicators can be used by hospitals to monitor, stan-
dardize, and improve the care they provide to pancreatic cancer
patients.

Limitations

Important indicators may have been missed. Some indicators may
have received slightly lower rankings because of how they were
worded. The reliability of hospital performance comparisons was
limited by the small sample size and an inability to adjust com-
pletely for differences in case mix among hospitals. The findings
may not be generalizable to all hospitals.

From the Editors

hospital-level compliance with these indicators in the United
States; and 3) to develop a composite, evidenced-based measure of
the quality of hospital-level pancreatic cancer care. The ultimate
goal of this study was to identify indicators that hospitals can use to
assess their performance and to develop specific initiatives to
improve the quality of patient care and outcomes.

Methods

Quality Indicator Development

We used a modification of the RAND/UCLA Appropriateness
Methodology to assess the validity of potential quality indicators
(21,22). The RAND/UCLA Appropriateness Methodology is an
iterative Delphi method that has been used to develop quality-of-
care indicators across a broad range of disease processes (21,23-27).
This method is particularly useful when high-level evidence is
lacking because it incorporates recommendations made by an
expert panel that are based on their evaluation of the evidence and
their clinical experience. Briefly, in two rounds of rankings, the
expert panel members independently rank potential quality indica-
tors for validity. Between the two rounds, there is an expert panel
discussion (Figure 1). Indicators are evaluated for appropriateness
(based on the median ranking for each) and agreement (based on
the distribution of rankings). This process identifies indicators that
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are ranked as valid by the expert panel and has been shown to
provide quality indicators that have face, construct, and predictive
validity (28-30). This study was approved by the Northwestern
University institutional review board.

Potential quality indicators were identified through extensive
systematic literature reviews, assessment of existing guidelines
from numerous organizations (eg, National Comprehensive
Cancer Network guidelines), quality measures (eg, AHRQ), and
semistructured interviews with pancreatic cancer experts in various
subspecialties of medicine. Although high-level evidence (eg, from
randomized trials) supporting clinical practice was frequently
unavailable, we required that there was some evidence suggesting
that the potential indicators would affect outcome (eg, institutional
case series). The indicators were categorized into five domains—
structure, process, appropriateness, efficiency, and outcomes
(7,10,31)—and encompassed the diagnostic, perioperative, intra-
operative, postoperative, and follow-up phases of pancreatic cancer
care. To evaluate potential quality indicators, we assembled an
expert panel of 20 physicians that included clinicians and research-
ers in the fields of surgery (12 members), medical oncology (three
members), radiation oncology (two members), pathology (one
member), radiology (one member), and gastroenterology (one
member) (see Notes). Most of the panel members were from aca-
demic institutions, but some physicians from community hospitals
were also included.

In the first round of rankings, panel members were sent via
electronic mail a list of potential indicators and detailed instruc-
tions regarding the methodology and the process of ranking indi-
cators for validity. The instructions given to panelists regarding
the rankings were as follows. First, an indicator should be consid-
ered “valid” if adherence with this indicator is critical to provide
quality care to patients with pancreatic cancer exclusive of costs or
feasibility of implementation. Not providing the level of care
addressed in the indicator would be a breach in clinical practice
and an indication of unacceptable care. Second, validity rankings
should be based on the panelist’s own judgment, not on what they
think other experts or the panel believes. Third, the indicators
should be considered for an “average” patient who presents to an
“average” physician at an “average” hospital. Finally, the indicators
need not necessarily apply to any one specific patient, but rather
could pertain to the overall care of pancreatic cancer patients (eg,
antibiotic discontinuation within 24 hours of surgery).

Each indicator was ranked on a 9-point scale for which 1=defi-
nitely not valid, 5=uncertain or equivocal validity, and 9=defi-
nitely valid. Panelists were also given the opportunity to suggest
wording modifications to improve the clarity or increase the
potential validity of the quality indicator. The panel was also
allowed to suggest entirely new indicators. Summary statistics
were calculated for each individual candidate quality indicator to
assess the median and distribution of rankings. For round 1, a
potential quality indicator that had four or more rankings in the
1-3 range and four or more rankings in the 7-9 range was consid-
ered to have scores that were in disagreement. If all but four rank-
ings were in any single 3-point range (eg, 1-3, 4-6, or 7-9), then
the scores for that indicator were said to be in agreement. All other
score distributions were deemed indeterminate. The round 1 rank-
ings were used to guide discussion at the expert panel meeting.
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Before the expert panel meeting, the panelists were provided
with the relevant literature regarding indicators for which there
was disagreement in the round 1 rankings. The panelists were also
given a summary sheet of the round 1 rankings that showed the
aggregated summary statistics for each indicator and a copy of
their own round 1 rankings. Each potential quality indicator was
discussed by the panel to identify opportunities to improve the
wording of the indicators or to highlight evidence that may have
been missed by the literature review. In addition, indicators could
be reworded and new indicators could be proposed during the
discussion. It was stressed that there was no need to establish a
consensus among the panelists because each member would inde-
pendently rank the indicators for validity after the panel
discussion.

Immediately after the expert panel discussion, the panelists
were sent an updated ranking form via electronic mail on which
they were asked to re-rank all of the indicators for validity. These
round 2 rankings were used for the final assessment of validity.
The rankings were compiled, and the median ranking from the
expert panel was calculated for each individual indicator. We used
definitions from previous quality indicator development studies
(23-26) to establish two levels of validity that were based on the
stringency of the criteria used: relaxed and strict. According to the
strict criteria, an indicator was deemed to have high validity if
the median score and at least 90% of the individual rankings from
the 20 panelists were within the 7-9 range. According to the
relaxed criteria, an indicator was deemed to have moderate validity
if the median score and at least 95% (all but one) of the individual
rankings from the expert panel were within the 4-9 range.

Assessment of Hospital Performance

The National Cancer Data Base (NCDB) is a national cancer reg-
istry supported by the American College of Surgeons, the
Commission on Cancer, and the American Cancer Society
(21,32,33). All of the approximately 1450 Commission on Cancer—
approved hospitals are required to report all of their cancer cases
to the NCDB annually. The NCDB and state and national cancer
registries share common mechanisms for data coding, collection,
and accuracy assessment (21,34). According to incidence estimates
from the American Cancer Society, the NCDB captures approxi-
mately 75% of newly diagnosed pancreatic cancers in the United
States each year (21). The NCDB collects information regarding
patient demographics, tumor characteristics and pathology, stag-
ing, diagnosis, treatment, and survival (34).

Patients who were diagnosed with pancreatic adenocarcinoma
from January 1, 2004, to December 31, 2005, were identified from
the NCDB based on International Classification of Diseases for
Oncology, third edition, site and histology codes (35). At the time of
this study, patients diagnosed through the end of 2005 were the
most recent ones available for analysis. Patients who underwent
pancreatectomy were identified based on the Commission on
Cancer’s Facility Oncology Registry Data Standards site-specific
procedure coding (34). Patients were staged according to the
American Joint Committee on Cancer sixth edition Cancer Staging
Manual (36). We assessed adherence with valid quality indicators
for which the relevant data are reported to the NCDB. Patients
who underwent palliative procedures or exploratory surgery
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without a cancer-directed resection were not included in the cohort
that was categorized as undergoing cancer-directed resection (ie,
pancreatectomy).

We first assessed adherence with the individual quality indica-
tors at the patient level to determine the proportion of patients
at Commission on Cancer-approved hospitals who received care
that was concordant with the quality indicators. We then assessed
adherence with the individual indicators at the hospital level;
adherence was defined a priori as hospitals for which at least 90%
of patients received care in compliance with the specific quality
indicator. A composite measure of hospital pancreatic cancer care
was calculated by summing the points for the valid indicators.
Adherence with each indicator was assigned 1 point (>90% of
patients received the recommended care). The quality indicators
relating to documentation were aggregated into a single compos-
ite score for which the maximum score was 10 points. Valid
indicators examining all domains of care (structure, process,
appropriateness, efficiency, and outcome) were included in the
composite measure.

Statistical Analysis

For the quality indicator addressing a hospital’s risk-adjusted mor-
tality rate within 30 days of surgery, a logistic regression model
was used to adjust for differences in clinicopathologic characteris-
tics among hospitals. The model included sex, age at diagnosis,
race (white, black, Asian, Hispanic, other), stage, type of pancre-
atectomy (pancreaticoduodenectomy, distal pancreatectomy, total
pancreatectomy, other), and Charlson comorbidity score. The
NCDB requires reporting of six preexisting comorbidities based
on International Classification of Disease, ninth edition classification
(34,35). The primary cancer diagnosis and postoperative complica-
tions are not included when these six codes are reported. A modi-
fied Charlson comorbidity score was calculated to assess the
severity of preexisting comorbidities (37-39). Analyses were per-
formed using SPSS, version 15 (SPSS, Inc., Chicago, IL).

Table 1. Summary of pancreatic cancer quality indicators

Results

Quality Indicator Development

On the basis of literature reviews, consensus guidelines, and inter-
views with experts, we identified 50 potential quality indicators for
pancreatic cancer care (Table 1). These indicators were categorized
into five domains of care: structure (12 indicators), processes (21
indicators), appropriateness (seven indicators), efficiency (five indica-
tors), and outcomes (five indicators). Of the 50 indicators, 20 were
hospital-level indicators and 30 were patient-level indicators.

Based on the round 2 expert panel rankings of the 50 potential
quality indicators, 43 indicators (86 %) were rated as valid (29 as having
high validity and 14 as having moderate validity) and seven (14%)
were rated as not valid (Table 1). Of the 43 valid indicators, 11
(25.6%) assessed structural factors, 19 (44.2%) assessed clinical pro-
cesses of care, four (9.3%) assessed treatment appropriateness, four
(9.3%) assessed efficiency, and five (11.6%) assessed outcomes (Tables
2 and 3). The assessment for the indicators would be at the hospital
level for 18 indicators (41.9%) and at the patient level for 25 indica-
tors (58.1%). Of the 43 indicators rated as valid, 22 are reported to
cancer registries or can be derived from data submitted to cancer
registries, another 14 are found in widely available multi-institutional
administrative datasets, and eight are generally found only in patient
charts (Table 1). Seven indicators were ranked as not valid (Table 4).

The indicators that were rated as having high validity were diverse
and included the diagnostic, preoperative, intraoperative, postopera-
tive, and follow-up phases of care (Table 2). Structural indicators
included factors that address case volume requirements, surgeon cer-
tification, and the availability of consulting physicians and services.
Process indicators addressed the preoperative evaluation, assessment
of resectability, treatment planning, and operative and pathology
report documentation. The appropriateness indicators rated as having
high validity focused on the use of surgical and nonsurgical treatment.
Efficiency indicators addressed the time from diagnosis to treatment.
Finally, outcome indicators that were rated as having high validity
included monitoring the margin-negative resection rate and the

Indicator All indicators High validity* Moderate validityt Not valid
Number of indicators 50 29 14 7
Domain
Structure 12 6 5 1
Process 21 15 4 2
Appropriateness 7 4 0 3
Efficiency 5 1 3 1
Outcome 5 3 2 0
Level of measurement
Hospital or provider 20 9 9 2
Patient 30 20 5 5
Potential data source for assessmentf
Cancer registries 24 18 4 2
Administrative datasets 19 9 5 5
Patient chart only 8 6 2 0

Based on strict validity criteria (*90% of expert panel rankings in the 7-9 range).

—+

Based on relaxed validity criteria (>95% of expert panel rankings in 4-9 range).

+

available in the specified sources.

jnci.oxfordjournals.org

Totals in some columns may not equal the total number of indicators because some data can be found in more than one source and some data are not readily
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Table 2. High-validity pancreatic cancer quality indicators*

Level of
No. Quality indicator Median ranking measurement Domain
1 IF an institution performs pancreatic cancer surgery, THEN the 8.5 Hospital Structure
institution should monitor their average annual case volume
2 IF an institution performs pancreatic cancer surgery, THEN the 8.5 Hospital Structure
institution should monitor their surgeons’ annual case volume
3 IF a patient undergoes resection for pancreatic cancer, THEN the 8 Hospital Structure

patient should be treated in a multidisciplinary effort with a surgeon,
medical oncologist, and a radiation oncologist
4 IF a patient undergoes resection, THEN the hospital must ensure 9 Hospital Structure
that the surgeon is certified by the American Board of Surgery or
equivalent international organization

5 IF an institution performs pancreatic cancer surgery, THEN the hospital 9 Hospital Structure
should have interventional radiology services available on site
6 IF an institution performs pancreatic cancer surgery, THEN the hospital 8 Hospital Structure
should have an intensive care unit staffed by critical care specialists
7 IF a patient undergoes resection, THEN a history and physical with 9 Patient Process
thorough preoperative risk assessment should be performed
8 IF a patient is diagnosed with pancreatic cancer, THEN a stage-specific 9 Patient Process
treatment plan should be documented
9 IF a patient is being considered for resection, THEN a triple-phase, 9 Patient Process
multi-slice CT or MRI scan should be obtained
10 IF a patient undergoes cancer-directed resection, THEN clinical and 9 Patient Process
pathologic stage should be recorded
11 IF a patient undergoes cancer-directed resection, THEN the tumor 9 Patient Process
histology should be recorded
12 IF a patient undergoes cancer-directed resection, THEN the tumor 9 Patient Process
size should be recorded
13 IF a patient undergoes cancer-directed resection, THEN the tumor 9 Patient Process
grade should be recorded
14 IF a patient undergoes cancer-directed resection, THEN the margin 9 Patient Process
status should be recorded
15 IF a patient undergoes cancer-directed resection, THEN the number 9 Patient Process
of lymph nodes examined should be recorded
16 |IF a patient undergoes cancer-directed resection, THEN the number 9 Patient Process
of lymph nodes positive should be recorded
17 IF patient undergoes resection of a pancreatic head lesion, THEN in 8 Patient Process

the operative note, the surgeon should document complete removal
of all pancreatic tissue, lymph nodes, and connective tissue between
the edge of the uncinate process and the right lateral wall of the
superior mesenteric artery

18 IF a patient undergoes resection, THEN suspicious adenopathy outside 8 Patient Process
the scope of planned resection should be evaluated by frozen section

19 |IF a patient undergoes adjuvant therapy, THEN the timing relative to 8 Patient Process
resection (before, after, both) should be recorded

20 |IF a patient undergoes resection, THEN the College of American 8.5 Patient Process

Pathologists checklist or equivalent reporting system should be
followed and fully documented

21 IF a patient does not undergo resection, THEN a TNM clinical stage 8 Patient Process
should be recorded
22 IF a patient has clinical stage | or Il disease, THEN the patient should 9 Patient Appropriateness

undergo resection or have a valid reason documented for not
undergoing resection
23 IF a patient undergoes cancer-directed resection, THEN adjuvant 9 Patient Appropriateness
chemotherapy with or without radiation should be considered or
administered, or a valid reason should be documented for not
receiving adjuvant therapy

24 IF a patient has clinical stage IV disease, THEN cancer-directed surgery 9 Patient Appropriateness
should not be done
25 IF a patient does not undergo resection, THEN chemotherapy or 8 Patient Appropriateness

chemoradiation should be considered or administered or a valid
reason should be documented for not receiving non-surgical therapy

26 IF a patient is to receive treatment, THEN the time from diagnosis to 8 Patient Efficiency
surgery or first treatment should be less than 2 months

27 IF an institution performs pancreatic cancer surgery, THEN the 8 Hospital Outcome
institution should monitor their margin-negative resection rate.

28 IF an institution performs pancreatic cancer surgery, THEN the hospital 8 Hospital Outcome

should monitor their pancreatic cancer resection risk-adjusted
perioperative mortality

29 IF an institution performs pancreatic cancer surgery, THEN the hospital 8 Hospital Outcome
risk-adjusted perioperative mortality should be less than 5%

* Based on strict validity criteria (*90% of expert panel rankings in the 7-9 range). CT =computed tomography; MRI =magnetic resonance imaging.
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Table 3. Moderate-validity pancreatic cancer quality indicators*

No. Quality indicator Median ranking Level of measurement Domain

30 IF an institution treats pancreatic cancer, THEN the institution should 7.5 Hospital Structure
participate in clinical trials

31 |IF an institution performs pancreatic cancer surgery, THEN the 8 Hospital Structure
institution should perform >12 cases per year

32 IF an institution performs pancreatic cancer surgery, THEN the hospital 7 Hospital Structure
should have endoscopic ultrasonography services available on site

33 IF an institution treats pancreatic cancer, THEN the institution should 8 Hospital Structure
have radiation therapy and chemotherapy services available within
their institution

34 IF an institution performs pancreatic cancer surgery, THEN the hospital 8 Hospital Structure
should have ERCP services available on site

35 If a patient is to undergo resection, THEN on the basis of the CT or MRl 9 Patient Process
scan, the surgeon should preoperatively document 1) no metastatic
disease, 2) patent superior mesenteric vein and portal vein, and 3) a
definable tissue plane between the tumor and regional arterial structures

36 IF a patient undergoes cancer-directed resection, THEN the margins 8 Patient Process
should be macroscopically clear

37 |IF a patient undergoes resection, THEN in the operative note, the 8.5 Patient Process
surgeon should document intraoperative findings including the
absence of 1) regional arterial involvement, 2) metastatic disease
(liver, peritoneal, omental), and 3) distant adenopathy

38 IF a patient undergoes cancer-directed resection, THEN >10 regional 8 Patient Process
lymph nodes should be resected and pathologically evaluatedt

39 IF an institution performs pancreatic cancer surgery, THEN the 8 Hospital Process
institution should monitor their median estimated blood loss

40 IF an institution performs pancreatic cancer surgery, THEN the 8 Hospital Efficiency
institution should monitor the median operative time for resections

41 IF an institution performs pancreatic cancer surgery, THEN the 8 Hospital Efficiency
hospital should monitor their readmission-within-30-days rate

42 |IF a patient undergoes resection, THEN the operative time should be 8 Patient Efficiency
less than 10 hours*

43 IF an institution performs pancreatic cancer surgery, THEN the hospital 8 Hospital Outcome

should monitor the stage-specific 2-year and 5-year survival rates for

their patients who underwent pancreatectomy

phy; MRI=magnetic resonance imaging.

Based on relaxed validity criteria (*95% of expert panel rankings in 4-9 range). ERCP = endoscopic retrograde cholangiopancreatography; CT =computed tomogra-

T The expert panel extensively discussed indicators with multiple nodal count thresholds, but the only indicator retained was for the resection and examination of
greater than or equal to 10 nodes. The indicator for greater than or equal to 12 nodes was also moderately valid but had lower median score; thus, the indicator
for greater than or equal to 10 nodes was retained. The indicator for greater than or equal to 15 nodes was ranked as not valid.

t The expert panel discussed a variety of time thresholds and thought that 8 hours would be a reasonable maximum, but they settled on 10 hours because many
panel members believed that operative times greater than 8 hours would not be excessive.

perioperative mortality rate. The indicators rated as having moderate
validity involved clinical trials participation, case volume thresholds,
the availability of endoscopic ultrasound and endoscopic retrograde
cholangiopancreatography, the availability of adjuvant therapy ser-
vices, resection margin status, documentation of the assessment of
resectability, estimated blood loss, operative time, the adequacy of
nodal evaluation, readmission rates, and long-term survival rates
(Table 3).

Seven indicators were rated as not valid by the expert panel. These
indicators concerned specific case volume thresholds; the use of diag-
nostic laparoscopy, feeding jejunostomies, and epidural anesthesia;
discussion of unresectable disease at a multidisciplinary conference;
estimated blood loss thresholds; and the absolute time from diagnosis
to treatment (Table 4).

Adherence With Pancreatic Cancer Quality Indicators

Of the 43 indicators rated as valid, 18 could be assessed by using data
in the NCDB (Table 5). The indicators related to medical documen-

jnci.oxfordjournals.org

tation were combined into a single indicator for which a patient was
deemed to have had concordant care if all of those indicators were
met. This approach resulted in 10 quality indicators for which we
assessed adherence (nine individual indicators and the combined
medical documentation measure). We first assessed adherence with
indicators at the patient level. Adherence with the valid quality indica-
tors of pancreatic cancer care ranged from 49.6% to 97.2% among
the 49065 patients treated at Commission on Cancer—approved hos-
pitals. Next, hospital-level performance for adherence with each
of the quality indicators was examined among 1134 Commission
on Cancer—approved hospitals (1134 of the 1450 Commission on
Cancer—approved hospitals reported a pancreatic cancer operation
to the NCDB). A hospital was classified as being adherent with the
quality indicator if the care it provided was concordant with the
quality indicator in at least 90% of the patients at that hospital.
The proportion of adherent hospitals ranged from 6.8% to 99.9%.
Two indicators could only be assessed at the hospital level: number
of pancreatectomies performed per year (Figure 2, A) and hospital
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Table 4. Pancreatic cancer quality indicators that were not valid

No. Quality indicator Median ranking Level of measurement Domain

44 IF a surgeon performs pancreatic cancer surgery, THEN the 8 Hospital Structure
surgeon should perform >6 pancreatic resections per year

45 |IF a patient is to undergo resection, THEN diagnostic laparoscopy 4.5 Patient Process
should be performed before resection (irrespective of whether
laparoscopy was done during or before the intended resection)

46 IF a patient undergoes resection, THEN a feeding jejunostomy 5 Patient Appropriateness
should be performed

47 IF a patient undergoes resection, THEN epidural anesthesia should 5 Patient Appropriateness
be used

48 |IF a patient undergoes surgery with curative intent but is found to 6.5 Patient Appropriateness
be unresectable, THEN the case must be discussed at the
hospital’s cancer conference, tumor board, or Morbidity and
Mortality conference

49 |IF a patient undergoes resection, THEN the estimated blood 7 Patient Process
loss should be less than 1 liter

50 IF a hospital performs pancreatic cancer surgery, THEN the hospital 6 Hospital Efficiency

should monitor the mean time from diagnosis to surgery or first

treatment

mortality rate (Figure 2, B). Of the 1134 Commission on
Cancer—approved hospitals that reported a pancreatic cancer
operation to the NCDB, 748 (66.0%) had a perioperative mor-
tality rate less than 5%, and only 77 (6.8%) performed 12 or
more pancreatectomies for cancer per year.

To establish a composite score for hospital performance on
these quality indicators, we assigned each hospital 1 point for each
of the 10 quality indicators with which they were adherent (>90%
of patients received the recommended care) and then summed the
scores for each hospital. The summed scores ranged from 1 to 9
(median score=4, interquartile range=3-5; maximum possible
score=10; Figure 3).

Discussion

By using a formal, well-described methodology, an expert panel
assessed potential quality indicators and identified 43 valid indica-
tors of quality care for pancreatic cancer management. We then
assessed performance on these measures at 1134 hospitals using
data from a large national cancer registry and found that most
hospitals were adherent with fewer than half of the indicators. The
intent was to develop indicators of quality of care that hospitals
could use for self-assessment to identify quality initiatives for
improving pancreatic cancer care.

The RAND/UCLA Appropriateness Methodology has been
used to develop quality indicators for many disease processes (21).
In previous studies to develop quality indicators in surgery and
oncology, 59%-81% of the potential indicators were ranked as
valid (23-26). These studies individually used only one criterion
for the assessment of validity (ie, the number of panelists who
ranked an indicator within the 7-9 range); however, the definition
of validity differed somewhat among these studies. Therefore, we
used two frequently used definitions of validity to establish two
potential validity levels based on the relative stringency of the
criteria: high validity and moderate validity. We found that 58% of
indicators met the strictest validity definition and 86% met the
relaxed criteria. We expected that a large proportion of the indica-
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tors would be ranked as valid because all were derived from the
literature, established guidelines, and interviews with experts in the
field.

Previously, the only quality indicators involving the care of
patients with pancreatic malignancies were two proposed by the
AHRQ (30). These indicators require hospitals to track their pan-
createctomy case volume and postoperative mortality rate and are
currently under consideration by the National Quality Forum (40).
However, neither of these two measures sets an absolute numerical
threshold for mortality or case volume. The indicators we used for
monitoring surgeon- and hospital-level operative volumes, as well
as those for monitoring perioperative mortality, were ranked as
having high validity and are similar to the AHRQ pancreas mea-
sures. In the preliminary semistructured interviews, all of the
experts uniformly suggested that pancreatectomy case volume is a
critical component for ensuring quality pancreatic cancer care.
However, definitions of “high volume” vary widely in the litera-
ture, ranging from two to 200 cases per year (1). The expert panel
debated numerous thresholds ranging from six to 24 cases per year
and how case volume should be defined (ie, whether it should
include benign and/or malignant lesions) and ultimately decided
that the valid quality indicators for specific thresholds should be 12
cases per year for hospitals and six cases per year for surgeons.
Similarly, the 5% postoperative mortality threshold was discussed
and decided by the expert panel.

There is a paucity of high-level evidence (ie, from clinical trials)
in pancreas surgery to guide clinical decision making. However,
this circumstance is well suited for the application of the RAND
Appropriateness Methodology, in which the best available litera-
ture is combined with expert opinion. Although the National
Comprehensive Cancer Network and other organizations publish
detailed recommendations for pancreatic cancer diagnosis, treat-
ment, and follow-up, these guidelines serve a very different func-
tion than the intended purpose for quality measures (21,34).
Guidelines make recommendations based on the best available
evidence and suggest that certain disease management issues be
discussed with the patient; quality indicators (or quality measures)
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Figure 2. Examples of hospital performance with respect to hospital-level quality measures. A) Pancreatectomy volume. B) Perioperative mortality
rate. Each circle represents one of the 1134 Commission on Cancer-approved hospitals included in this study. The horizontal line represents the

threshold for adherence set by the expert panel.

are held to a much higher standard in that noncompliance with a
quality indicator generally constitutes unacceptable or poor care
(21). Moreover, quality indicators must be suitable and practical
for potential use if they are to be used to assess hospitals and
providers.

Once a set of quality indicators has been developed, the mea-
sures can be used by hospitals to assess the quality of care at their
institutions. McGlynn et al. (41) developed 429 indicators of qual-
ity of care for 30 acute and chronic conditions as well as preventive
care and found that recommended care was delivered to only
approximately 55% of patients. However, for individual hospitals
to assess adherence with quality indicators can require a consider-
able amount of data abstraction from the patient’s chart. Thus,
readily available data, such as those collected by cancer registries
including the NCDB, are likely to be used to assess hospital per-

jnci.oxfordjournals.org

formance because no additional data collection would be needed.
For this reason, we used cancer registry data to evaluate adherence
with the valid pancreatic cancer quality indicators at the patient
and hospital levels. Patient-level adherence with individual indica-
tors ranged from 49.6% to 97.2%, and the proportion of adherent
hospitals ranged from 6.8% to 99.9%. Of note, only 77 hospitals
met the volume threshold established by the panel. Thus, region-
alization of surgical care to high-volume centers is likely an
impractical policy initiative, and we suggest that these indicators
should be used by all hospitals to attempt to raise the level of care
provided to pancreatic cancer patients. In addition, we found that
most hospitals were adherent with fewer than half of the 10 com-
ponent indicators that we used to develop the composite score, and
no hospital was adherent with all of the indicators. Thus, there is
an opportunity for all hospitals to improve.
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Figure 3. Composite measure of hospital-level performance. The com-
posite score comprises the 10 valid component measures.

Hospital adherence with guidelines and consensus recommen-
dations for pancreatic cancer management may vary for a number
of reasons. First, the experience and training of the clinical teams
are likely to vary. Experienced teams may be more familiar with

the literature and guideline recommendations and, thus, may be
more likely to follow those recommendations. High-volume hos-
pitals and cancer centers have been shown to provide care concor-
dant with guidelines more frequently than low-volume centers,
including the appropriate use of curative resection (42), the com-
pleteness of resection (43,44), adequacy of nodal examination
(45,46), the use of adjuvant treatments (47), clinical trials participa-
tion (48), and aggressiveness of cancer surveillance activities.
Second, patient preferences may affect hospital adherence with
quality indicators (49). Finally, the dismal prognosis for patients
diagnosed with pancreatic cancer may lead to pessimism on the
part of physicians and patients, which may result in nonadherence
with guidelines (42).

Mechanisms are then needed by which individual hospitals are
informed about their adherence rates with quality indicators.
Numerous studies have demonstrated the benefits of quality
assessment and feedback for a wide range of medical conditions
(50-52). For many years, reporting of outcomes has been routine
in New York and California for coronary artery bypass graft opera-
tions, as well as in the Veterans’ Health Administration system for
a wide variety of surgeries (53-55). These efforts have been shown
to prompt hospitals to initiate specific quality improvement efforts
that have produced improvements in outcomes (53-55). However,
it is unknown whether adherence with quality indicators will

Table 5. Assessment of adherence with the pancreatic cancer quality indicators at the patient and hospital levels

Patient-level Hospital-level
Quality indicator assessment (%) assessment* (%)
Number of patients 49065
Number of hospitals 1134
Patient-level measures
IF a patient undergoes cancer-directed resection, THEN clinical Stage, pathological stage, histology, 65.6 25.3
size, grade, margin status, number of lymph nodes examined and positive, and timing of adjuvant
therapy should be documentedt
IF a patient has clinical stage | or Il disease, THEN the patient should undergo resection or have a 52.9 6.9
valid reason documented for not undergoing resection¥
IF a patient undergoes cancer-directed resection, THEN adjuvant chemotherapy with or without 67.1 37.3
radiation should be considered or administered, or a valid reason should be documented for not
receiving adjuvant therapy+
IF a patient has clinical stage IV disease, THEN cancer-directed surgery should not be done 97.2 99.9
IF a patient does not undergo resection, THEN chemotherapy or chemoradiation should be 69.7 9.5
considered/administered or a valid reason should be documented for not receiving non-surgical
therapy*
IF a patient is to receive treatment, THEN the time from diagnosis to surgery or first treatment 94.8 80.9
should be less than 2 months
IF a patient undergoes cancer-directed resection, THEN the margins should be macroscopically clear 91.3 50.4
IF a patient undergoes cancer-directed resection, THEN >10 regional lymph nodes should be 49.6 11.8
resected and pathologically evaluated
Hospital-level measures
IF an institution performs pancreatic cancer surgery, THEN the hospital risk-adjusted perioperative I 66.0
mortality should be less than 5%§
IF an institution performs pancreatic cancer surgery, THEN the institution should I 6.8

perform >12 per year

* Proportion of hospitals that were adherent with the measure in >90% of their patients in 2004-2005.

t The measure requiring documentation of tumor size was excluded from the composite measure because it is not currently required to be reported by the

Commission on Cancer and the American Joint Committee on Cancer.

F Valid reasons for not undergoing treatment include documentation of severe comorbidities, advanced age, or patient refusal.

&8 Risk adjustment models included sex, age, race, stage, type of pancreatectomy, and Charlson comorbidity score.

|| These indicators cannot be assessed for individual patients.
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improve outcomes at individual hospitals, and some have sug-
gested that this type of quality measurement and feedback initia-
tives may be detrimental to patient care and the health-care system
(19,20,52,56-58).

For oncological care, a feedback mechanism through the
NCDB is currently available for breast and colorectal cancer qual-
ity measures (21,59). The NCDB receives data from more than
1450 Commission on Cancer—approved hospitals, and these data
can be used to calculate performance rates for individual hospitals
for specific quality measures as demonstrated in this study. The
NCDB can provide individual hospitals with their performance in
a confidential manner on quality indicators compared with that of
all the other Commission on Cancer—approved hospitals, as shown
in Figure 2. Only the individual hospital can identify its outcomes.
However, public reporting initiatives for hospital quality measure
compliance and outcomes are becoming a reality in the United
States (55). Thus, identification of measures and evaluation of
performance by individual hospitals can be good preparation for a
future that will likely include a great deal of public reporting of
process and outcome measure performance. Importantly, readily
available data sources such as cancer registries will likely be used
for quality measurement initiatives by government oversight agen-
cies and payers because these existing data sources provide a con-
venient assessment mechanism for which no additional data need
to be collected. Thus, it is important for hospitals to ensure that
the data they report to cancer registries are accurate and of high
quality.

There are some important caveats regarding the application of
the indicators identified in this study. First, 100% compliance is
generally not required for all of the quality indicators. No matter
how well defined the inclusion and exclusion criteria are for quality
indicators, there will be some instances where the indicators are
inappropriate (eg, the requirement to assess 12 or more lymph
nodes for colon cancer in an intraoperatively unstable patient
where resection of more nodes may not be safe). Moreover, patient
preferences may also affect quality indicator compliance (eg,
patient refusal to undergo chemotherapy for a stage III colon can-
cer). Second, it is also important to note that the development of
quality indicators involves an iterative process. Even measures that
are based on high-level evidence will become outdated or may
need to be modified over time as the science advances. Measure
development will need to be revisited periodically as new evidence
accumulates and practice patterns change. When the ultimate goal
of complete compliance with a quality measure is achieved, assess-
ment can be discontinued and new measures can be added (40).
Prompt feedback regarding quality measure performance could
help decrease the time from publication of seminal studies and
subsequent guideline development to the incorporation of mea-
sures into clinical practice. Finally, quality measures can be applied
to different extents. The National Quality Forum has endorsed
measures at two levels: accountability and quality improvement.
Accountability measures meet the strictest criteria and generally
have a clear impact on outcomes; thus, providers may be judged
and incur financial consequences depending on their performance
on these indicators of care. The criteria for endorsing quality
improvement measures are somewhat less rigorous, and these mea-
sures are simply intended to provide feedback to hospitals.

jnci.oxfordjournals.org

Although the two levels of validity used in this study do not
directly correspond to the National Quality Forum guidelines for
accountability and quality improvement, a similar paradigm could
be considered to base the “accountability” and “quality improve-
ment” designations on more objective criteria.

This study has some potential limitations. First, although we
attempted to include all measures of quality in the indicator devel-
opment process, it is likely that important indicators were missed.
Moreover, another expert panel or a panel with a different com-
position of specialties or backgrounds represented may have
ranked the quality indicators differently or developed a different
set of indicators. Second, although the wording of the indicators
was discussed at length by the panel, there was not always agree-
ment on the wording, so some indicators may have received
slightly lower rankings due to wording disagreement. These dif-
ferences in wording do not appear to have qualitatively changed
the validity category of the indicators. Third, for assessment of
hospital performance, small sample size and inadequate risk
adjustment (ie, the inability to adjust completely for differences in
case mix among hospitals) may decrease the reliability of the com-
parisons; however, process measure performance is, in principle,
insulated from these issues because we assumed that the indicator
should be adhered to in nearly all cases. Thus, adherence with the
indicator is either met or not met. Furthermore, because there is
little evidence regarding a definitive method for threshold selec-
tion, we chose, a priori, a 90% threshold for adherence to allow
for variability at hospitals while still requiring all hospitals to
achieve a high level of adherence. Fourth, the poor quality indica-
tor adherence rates demonstrated in this study may be partly
related to poor documentation in the medical chart. For example,
adjuvant therapy may be underreported to cancer registries by the
individual hospitals because it is frequently administered in the
outpatient setting, often many weeks after surgery (60); however,
it will be the hospital’s responsibility to ensure that accurate and
complete data regarding all aspects of care are transmitted to can-
cer registries because these data will be used by federal agencies
and providers for quality assessment (18,48). In addition, some
indicators examine issues that are difficult to assess accurately,
such as margin status and readmissions, due to variability in prac-
tice patterns. For example, low margin-positive resection rates
may be indicative of less thorough pathological evaluation of the
margins. Thus, centers that focus on pancreatic cancer and per-
form detailed margin assessments may have higher margin-posi-
tive resection rates, but these rates are likely paradoxically related
to the quality of care because a more extensive margin assessment
will identify higher margin-positive resection rates. Finally, our
assessment of hospital performance was limited to Commission on
Cancer-approved hospitals. Thus, the findings may not be gener-
alizable to all hospitals. However, the NCDB receives data from a
large number of hospitals that care for more than three-fourths of
all the pancreatic cancer patients in the United States.

In conclusion, we used a standardized methodology to identify
indicators of pancreatic cancer care. Noncompliance with these
indicators is indicative of poor quality care. Hospitals can assess
their performance on these quality indicators and compare it with
that of other hospitals, thus identifying potential areas for internal
quality improvement initiatives. Because hospitals’ resources for
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quality improvement efforts are limited, a mechanism to efficiently
direct quality initiatives would be beneficial. Because the future of
health care will certainly involve more measurement of the quality

of care, there is a need for rigorously developed quality indicators
put forth by clinicians. Moreover, individual quality measures can
be used to develop a data-driven composite measure of hospital

pancreatic cancer care that assesses care across multiple domains.

These quality indicators offer an opportunity to monitor, stan-
dardize, and improve the care of patients with pancreatic cancer.
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